Eating high fat chow increases the sensitivity of male rats to some behavioral effects of the direct-acting dopamine receptor agonist quinpirole; it is not known whether sensitivity to quinpirole is similarly enhanced in female rats eating high fat chow. Female Sprague-Dawley rats had free access to standard chow (5.7% fat) or either free or restricted access (i.e. body weight matched to rats eating standard chow) to high fat (34.3% fat) chow. Quinpirole (0.0032-0.32 mg/kg) produced hypothermia and a low frequency of yawning. Eating high fat chow produced insulin resistance without affecting quinpirole-induced yawning or hypothermia. Pretreatment with the dopamine D2 receptor antagonist L-741,626 failed to increase quinpirole-induced yawning, indicating that the low frequency of yawning was not due to enhanced D2 receptor sensitivity. Compared with younger (postnatal day 75), drug-naive female rats in a previous study, rats in the present study (postnatal day 275) were more sensitive to cocaine-elicited (1-17.8 mg/kg) locomotion and the development of sensitization across 5 weeks; however, eating high fat chow did not further enhance these effects. These results suggest that drug history and age might modulate the effects of diet on sensitivity to drugs acting on dopamine systems. Behavioural Pharmacology 25:287-295
Introduction
Feeding condition (i.e. type and quantity of food consumed) can markedly affect the sensitivity to the behavioral effects of drugs acting on dopamine systems (Collins et al., 2008; Baladi et al., 2012a) . For example, food restriction or eating high fat chow differentially modifies sensitivity to the behavioral effects of drugs acting directly (i.e. dopamine receptor agonists such as quinpirole) or indirectly (i.e. dopamine transporter inhibitors such as cocaine) on dopamine receptors. Direct-acting dopamine receptor agonists (e.g. quinpirole) elicit yawning in male rats ; food restriction attenuates (Collins et al., 2008; Baladi and France, 2009 ), whereas eating high fat chow enhances Baladi et al., 2011) , agonist-induced yawning. Moreover, male rats with restricted access to high fat chow, such that their body weight is not different from that of rats eating standard chow, also are more sensitive to quinpiroleinduced yawning, suggesting that eating fat, rather than gaining weight, is critical for increasing sensitivity to the effects of direct-acting dopamine receptor agonists (Baladi et al., 2011) . Dopamine systems are the targets of a number of therapeutic drugs (e.g. antipsychotics) and are important sites of action of several abused drugs (e.g. cocaine). Thus, diet-induced changes in sensitivity to drugs acting on dopamine systems have implications for both the effectiveness of therapeutic drugs and the vulnerability to abuse drugs.
Although much research on drugs of abuse has used male subjects, there are significant differences between male and female subjects in their sensitivity to some drugs of abuse, including cocaine (Craft and Stratmann, 1996; Lynch and Carroll, 1999; Chin et al., 2001 ; for a review see Anker and Carroll, 2011a) . Similarly, most studies investigating the impact of feeding condition on sensitivity to drugs acting on dopamine systems have used male subjects (see Baladi et al., 2012a for a review), although recent evidence has suggested that female subjects are more sensitive to the effects of feeding condition on drugs acting on dopamine systems. For example, adult female rats eating high fat chow are more sensitive than adult female rats eating standard chow to the locomotor-stimulating effects of cocaine, and they show greater sensitization to cocaine (Baladi et al., 2012b) . In contrast, eating high fat chow has little or no effect on the locomotor-stimulating effects of cocaine in adult male rats (Baladi, unpublished observation) . These results suggest that female subjects are more sensitive than male subjects to the impact of eating high fat chow on the behavioral effects of indirect-acting dopamine receptor agonists; it is not known whether eating high fat chow also increases the sensitivity of female rats to directacting dopamine receptor agonists (e.g. quinpirole).
Although it is not known whether feeding conditions differentially affect the sensitivity of male and female rats to the effects of direct-acting agonists, there are wellcharacterized sex differences in both spontaneous and drug-induced yawning (Berendsen and Nickolson, 1981; Serra et al., 1984; Urba-Holmgren et al., 1990; Diaz-Veliz et al., 1994) , with female rats yawning much less than male rats. For example, in a 20-min observation period, direct-acting dopamine receptor agonists can elicit a maximum of 15-20 yawns in male rats (Collins et al., 2007) and only two to three yawns in female rats (Berendsen and Nickolson, 1981) . The fact that eating high fat chow increases the sensitivity of male rats to quinpirole-induced yawning and increases the sensitivity of female rats to cocaine-induced locomotion and sensitization suggests that the low frequencies of quinpiroleinduced yawning might be increased in female rats eating high fat chow. Quinpirole also causes hypothermia (Baladi and France, 2009; Baladi et al., 2011) , although neither food restriction nor eating high fat chow significantly affects quinpirole-induced hypothermia (Baladi and France, 2009; Baladi et al., 2011) , supporting the view that diet-induced changes in sensitivity to drug-induced yawning are not due to pharmacokinetic factors.
The mechanism(s) underlying enhanced sensitivity to drugs in rats eating high fat chow is not known, although insulin and insulin-signaling pathways have been suggested to play a role. Eating high fat chow causes insulin resistance in male rats (Baladi et al., 2011; Liu et al., 2013; Serafine and France, 2014) , which is paralleled by changes in sensitivity to quinpirole-induced yawning (Baladi et al., 2011; Serafine and France, 2014) , consistent with the hypothesis that insulin-signaling pathways might contribute to diet-induced changes in sensitivity to drugs acting on dopamine receptors (Daws et al., 2011) .
The present experiment investigated the behavioral (i.e. yawning) and physiological (i.e. hypothermia) effects of cumulative doses of quinpirole in female rats eating standard or high fat chow to determine whether eating high fat chow enhances the sensitivity of female rats to the behavioral effects of a direct-acting dopamine receptor agonist (i.e. quinpirole). Sensitivity to insulin (i.e. blood glucose) was also examined to monitor the possible development of insulin resistance. Finally, sensitivity to cocaine-induced locomotion and sensitization was also examined, as it is known that feeding condition can impact the sensitivity of female rats to cocaine (Baladi et al., 2012b) .
Methods

Subjects
Female Sprague-Dawley rats (n = 30; Harlan, Indianapolis, Indiana, USA), ∼ 130 days old, weighing 250-300 g at the beginning of the experiment, were housed individually in an environmentally controlled room (24 1°C, 50 10% relative humidity) under a 12 h/12 h light/dark cycle (light period 07:00-19:00 h). Rats had free access to water in the home cage throughout the experiment. Food was also available in the home cage as described below. The study was conducted in two different cohorts of rats (Table 1) . In one cohort, four rats had free access to standard chow, four had free access to high fat chow, and an additional five had restricted access to high fat chow; in a second cohort, six rats had free access to standard chow, six had free access to high fat chow, and five had restricted access to high fat chow. Animals were maintained and experiments were conducted in accordance with the Institutional Animal Care and Use Committee, the University of Texas Health Science Center at San Antonio, and with the 2011 Guide for Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources on Life Sciences, the National Research Council, and the National Academy of Sciences).
Feeding conditions
Upon arrival, rats were habituated to the laboratory and to the experimental apparatus and procedures. All subjects had free access to standard chow upon arrival and during the first tests with quinpirole. Rats were ranked on the basis of the total number of yawns observed during four initial once per week quinpirole tests and subsequently assigned to groups such that the average number of yawns was not significantly different among the three groups. Thereafter, separate groups of rats had free access to standard laboratory chow (n = 10), free access to high fat chow (n = 10), or restricted access to high fat chow (n = 10; body weights matched to rats eating standard chow) for the duration of the experiment (Table 1) . Tests with quinpirole were performed once every week. As there was no significant difference between cohorts, data for each feeding condition were combined across the two cohorts. All subjects were fed daily at the same time throughout the experiment (11:00 h). The macronutritional content of the standard chow (Harlan Teklad 7912; Harlan Laboratories, Madison, WI, USA) and the high fat chow (Harlan Teklad 06414; Harlan Laboratories) is provided in Table 1 .
Yawning
Yawning was defined as an opening and closing of the mouth (∼1 s) such that the lower incisors were completely visible (Sevak et al., 2008; Baladi and France, 2009 ). On the day of testing, rats were transferred to test cages (home and test cages were identical with the exception that test cages had no food, water, or bedding) and allowed to habituate for 15 min. Yawning was assessed at the same time each day after injection of vehicle, followed by injection of increasing doses of quinpirole (0.0032, 0.01, 0.032, 0.1, and 0.32 mg/kg intraperitoneally) every 30 min using a cumulative dosing procedure. Beginning 20 min after each injection, the total number of yawns observed for 10 min was recorded. Yawning dose-response curves were generated once per week for a total of 7 weeks while rats had access to their respective feeding conditions (weeks 1-7).
The ascending and descending limbs of the quinpirole yawning dose-response curve are mediated by D3 and D2 receptors, respectively (Baladi et al., , 2011 . The low frequency of agonist-induced yawning in foodrestricted male rats is believed to be due to increased sensitivity at D2 receptors (descending limb of the dose-response curve), because a D2 receptor selective antagonist (L-741,626) restores sensitivity to agonistinduced yawning (Collins et al., 2008) . The low frequency of drug-induced yawning observed in female rats, in the current study and in previous studies, might also be due to increased sensitivity at D2 receptors; thus, the D2 receptor selective antagonist L-741,626 was studied to see whether blocking D2 receptors increases quinpirole-induced yawning in female rats. L-741,626 (0.32, 1.0, and 3.2 mg/kg) was administered 30 min before administration of the first cumulative dose of quinpirole (weeks 8-11).
Body temperature
Body temperature was measured in a temperaturecontrolled room (24 1°C and 50 10% relative humidity) by inserting a lubricated thermal probe attached to a thermometer 3 cm into the rectum. During yawning experiments, body temperature was measured upon completion of each 10-min observation period for yawning and before the next injection.
Insulin sensitivity
Insulin sensitivity was measured using blood collected from the tip of the tail following a small incision (using a sterile scalpel blade), expressed on a blood glucose test strip. Glucose levels were measured with a commercially available glucose meter (Accu-Chek Aviva; CVS, Roche Diagnostics, Indianapolis, IN, USA). On the basis of a previous study in this laboratory using male rats (Baladi et al., 2011) , a dose of 0.75 U/kg insulin was used for the first test. However, that dose failed to produce hypoglycemia in female rats eating standard chow. Therefore, the dose of insulin was increased to 2.0 U/kg for subsequent tests; glucose was measured before as well as 15, 30, 45, and 75 min after the administration of insulin. Insulin sensitivity was measured every week for three consecutive weeks and on days when no other drug was administered.
Locomotor activity
After yawning experiments (week 11, on days when rats did not receive quinpirole), for three consecutive days rats were placed in locomotor chambers for a 30-min habituation period, followed by injections of saline, administered every 15 min for a total of five injections (105 min). Beginning the following week (week 12), rats received cumulative doses of cocaine (1.0, 3.2, 10, and 17.8 mg/kg, intraperitoneally) administered every 15 min for a total of five injections (105 min). These doses include the ascending limb of the cocaine locomotion dose-response curve (Baladi et al., 2012b) . Only the ascending limb was examined because it was expected that the dose-response curve would shift leftward after repeated injections of cocaine (i.e. sensitization). Testing with cocaine occurred once per week on the same day and at the same time for a total of 5 weeks (i.e. weeks 12-16).
Drugs
Quinpirole dihydrochloride (Sigma-Aldrich, St. Louis, Missouri, USA) and cocaine hydrochloride (NIDA Research Technology Branch, Rockville, Maryland, USA) were dissolved in sterile 0.9% saline and administered intraperitoneally in a volume of 1 ml/kg body weight. Insulin (protamine zinc recombinant human insulin; Boehringer Ingelheim Vetmedica Inc., St. Joseph, Missouri, USA) was dissolved in sterile 0.9% saline and injected intraperitoneally in a volume of 1 mg/kg body weight. L-741,626 (Tocris, Ellisville, Missouri, USA) was dissolved in 5% ethanol with 1 mol/l HCl and injected subcutaneously, typically in a volume of 1 ml/kg body weight. Because of its limited solubility, L-741,626 was prepared at a concentration of 1.78 mg/ml for the largest dose examined (3.2 mg/kg), resulting in injection volumes larger than 1 ml/kg body weight.
Data analyses
Results are expressed as the average ( SEM) number of yawns during a 10-min observation period and the average body temperature in°C, plotted as a function of dose. The mean ( SEM) locomotor activity counts in the last 5-min of each 15-min observation period are plotted as a function of dose or as the mean ( SEM) area under the dose-response curve (AUC) and are plotted as a function of week. Data are also expressed as the average ( SEM) After baseline testing, rats had access to standard chow or high fat chow beginning at week 1 and continuing throughout the study.
Female rats, high fat chow and dopamine Serafine et al. 289 change in glucose concentration (mg/dl) from preinsulin injection levels as a function of week. They are also expressed as average ( SEM) body weight and plotted as a function of week of specific feeding conditions. Dose-response curves for quinpirole-induced yawning and cocaine-induced locomotor activity were analyzed using two-way repeated measures analysis of variance (ANOVA; feeding condition by week) to examine differences in the AUC [calculated by using GraphPad Prism (GraphPad Software Inc., San Diego, California, USA)]. Multiple comparisons were made with the Bonferroni test (GraphPad Prism) where appropriate. Body temperature was analyzed using a two-way repeated-measures ANOVA (feeding condition by dose). Tukey's post-hoc analyses were used to examine significant differences among treatments. For each group of rats, a two-tailed paired t-test with Bonferroni corrections for multiple comparisons was used to examine changes in blood glucose concentration before and after administration of insulin (Durham and Truett, 2006) . For all tests, a P value of less than 0.05 was considered significant.
Results
Body weight
At the beginning of the experiment, when all rats were eating standard chow, the mean ( SEM) body weight for all 30 rats was 266.8 2.6 g, and 4 weeks later, after once per week testing with quinpirole, the mean body weight had increased to 275.2 2.6 g (Fig. 1 , gray symbols above 'baseline' show the body weight for each group of 10 rats that subsequently were assigned to different feeding conditions). A one-way ANOVA revealed that, from week 1 through week 17, rats with free access to high fat chow gained significantly more weight than other rats [F(2,16) = 15.75; P < 0.001]. By the end of the experiment (week 17), the average weight of the rats with free access to high fat chow was 316.4 5.2 g (Fig. 1 , open squares; n = 10), whereas the average weight of those with free access to standard chow was 295.9 1.0 g (Fig. 1, closed circles; n = 10). In the third group of rats, the amount of high fat chow provided daily was adjusted to match the body weight of the rats eating standard chow; during week 17 ( Fig. 1 , open triangles; n = 10), the average weight of the rats with restricted access to high fat chow was 296.0 2.0 g.
Yawning
With increasing doses of quinpirole, yawning increased then decreased in all rats, resulting in inverted U-shaped dose-response curves (Fig. 2, upper panels) . Quinpirole generated a low frequency of yawning in female rats, with a maximum of two to four yawns occurring per 10-min observation period. A two-way ANOVA (week and feeding condition) for AUC failed to reveal a significant difference in yawning across weeks between rats eating standard chow and those eating high fat chow (both groups). Thus, free or restricted access to high fat chow for up to 7 weeks did not significantly affect quinpiroleinduced yawning in female rats. A one-way repeatedmeasures ANOVA examining AUC over time within groups also failed to reveal any difference among quinpirole dose-response curves from week 1 through week 7. Administration of L-741,626 (0.32-3.2 mg/kg subcutaneously) did not increase quinpirole-induced yawning in any group; thus, only data from rats eating standard chow are presented in the upper panel of Fig. 3 . The largest dose of L-741,626 (3.2 mg/kg) significantly decreased quinpirole-induced yawning in all groups (Fig. 3 , inverted triangles, rats eating standard chow; data not shown for rats eating high fat chow).
Body temperature
Quinpirole decreased body temperature in a dosedependent manner in all rats (maximal average decrease of 2.2°C), although there was no significant difference in the hypothermic effect among groups and no difference within groups from week 1 to week 7 (Fig. 2, lower panels) . All three doses of L-741,626 attenuated quinpirole-induced hypothermia and this attenuation was not different among the three groups (Fig. 3, lower Weight (g)
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Cocaine
Body weight of rats throughout the experiment. Baseline refers to the last of 4 weeks that all subjects (n = 30) had free access to standard chow (gray symbols). Thereafter, rats had free access to standard chow (n = 10), free access to high fat chow (n = 10), or restricted access to high fat chow (n = 10; body weight was matched to that of rats eating standard chow). Quinpirole was tested alone once per week during weeks 1-7; quinpirole was tested in combination with different doses of L-741,626 during weeks 8-11; and cocaine was tested alone once per week during weeks 12-16. Insulin testing is indicated by arrows and occurred on days 10, 17, and 24. Vertical axis: body weight in grams recorded at the end of each week. Horizontal axis: week in study.
Insulin sensitivity
Before the administration of insulin, the blood glucose concentration was not different among the three groups of rats (data not shown). Maximal decreases in blood glucose were measured 30 min after intraperitoneal administration of 2.0 U/kg insulin. Only the rats with free access to high fat chow for 10 days were insulin resistant ( Fig. 4) . Paired t-tests revealed significant decreases between blood glucose concentrations measured before and those measured 30 min after the administration of insulin for rats with free access to standard chow [t(9) = 4.83; P < 0.001] and rats with restricted access to high fat chow [t(9) = 3.15; P < 0.02] but not for rats with free access to high fat chow (Fig. 4) . A one-way ANOVA revealed that maximum decreases in blood glucose levels were significantly different between rats with free access to standard chow and rats with free access to high fat chow [F(2,27) = 7.42; P < 0.005]. There was no difference between rats with restricted access to high fat chow and any other group. Insulin-induced changes in blood glucose concentration measured after 17 and 24 days of eating standard or high fat chow were not different from values shown in Fig. 4 (10 days) .
Locomotor activity
Cocaine dose-dependently increased locomotor activity with maximal increases occurring at 17.8 mg/kg; there was no significant difference in the locomotor-stimulating effects of cocaine among the three groups of rats (Fig. 5,  upper panel) . Once per week testing with cocaine increased sensitivity to cocaine-induced locomotion (i.e. Fig. 5 , upper and lower panels; Fig. 6 ); however, there was no significant difference in the development of sensitization among groups. Two-way repeated measures ANOVA revealed a significant main effect of week [F(4,27) = 13.47, P < 0.001]. That is, the AUC for cocaine dose-response curves at week 16 was significantly increased as compared with the AUC for cocaine Female rats, high fat chow and dopamine Serafine et al. 291 dose-response curves at week 12 (Fig. 6) ; however, there was no difference between the groups of rats eating standard chow and high fat chow (free or restricted access).
Discussion
Feeding condition can profoundly impact the sensitivity of male rats to the behavioral effects of drugs acting directly on dopamine receptors (Baladi et al., 2012a) ; however, the extent to which feeding condition impacts the sensitivity of female rats to drugs acting directly on dopamine receptors is not known. This study examined the effects of eating high fat chow on the sensitivity of female rats to both direct-acting (quinpirole) and indirectacting (cocaine) dopamine receptor agonists. Quinpirole elicited relatively little yawning in female rats, as compared with male rats, with a maximum of two to four yawns observed in 10 min. These results are consistent with previous reports using female rats and a different dopamine receptor agonist, apomorphine (Berendsen and Nickolson, 1981) . Despite increased weight gain and the development of insulin resistance, quinpirole-induced yawning and hypothermia were not different between Change in blood glucose concentration (mean SEM, mg/dl; vertical axis) determined after 10 days of free access to standard chow (n = 10), free access to high fat chow (n = 10), or restricted access to high fat chow (n = 10). *Significantly different from baseline (before insulin) blood glucose concentration. Week 12 Week 16
Free feeding standard female rats eating high fat chow and female rats eating standard chow. After 2 weeks of eating high fat chow, sensitivity to quinpirole is enhanced in insulin-resistant male rats, and after 4 weeks of eating high fat chow, both the ascending and the descending limbs of the quinpirole-induced yawning dose-response curve are shifted upward and to the left (Baladi et al., 2011) . After eating high fat chow for nearly twice as long (i.e. seven consecutive weeks), yawning was not significantly changed in female rats in the current study.
These contrasting results between male (Baladi and France, 2009; Baladi et al., 2011) and female rats suggest that female subjects are less sensitive than male subjects to the influence of eating high fat chow on sensitivity to the effects of direct-acting dopamine receptor agonists. However, the lower frequency of drug-elicited yawning in female rats might limit the value of this procedure for examining feeding conditions and sensitivity to drugs. A low frequency of spontaneous and drug-induced yawning in female rats has been reported previously (Berendsen and Nickolson, 1981; Serra et al., 1984; Urba-Holmgren et al., 1990; Diaz-Veliz et al., 1994) . Even among rats that were bred selectively for a higher frequency of spontaneous yawning, female rats yawn less than male sub-line counterparts (although yawning was greater in selectively bred female rats as compared with control female rats; Urba-Holmgren et al., 1990) .
This difference in frequency of yawning between male and female rats appears to be influenced by sex hormones (Berendsen and Nickolson, 1981; Serra et al., 1984; Urba-Holmgren et al., 1990; Diaz-Veliz et al., 1994) . For example, apomorphine-induced yawning is similar between intact and ovariectomized female rats and enhanced only when ovariectomy is accompanied by daily injections of dihydrotestosterone (Berendsen and Nickolson, 1981) . Thus, androgens appear to be necessary for dopamine receptor agonist-induced yawning. When the estrous cycle is monitored, more apomorphineinduced yawning is observed during estrous and diestrus; however, the slightly elevated frequency of yawning during these phases never reaches the higher frequency of yawning observed in male rats (Diaz-Veliz et al., 1994) .
Although it is possible that the estrous cycle influenced the results in the present report (phase was not monitored), the low frequency of yawning induced by quinpirole was very stable across repeated testing and across individual rats in two separate cohorts, likely spanning multiple phases of the estrous cycle for each individual.
In contrast to the striking sex difference in agonistinduced yawning, quinpirole-induced hypothermia was similar in female rats as compared with previous results obtained with male rats (e.g. Baladi et al., 2011) . That comparable hypothermic effects are observed with quinpirole in male and female rats suggests that the sex difference in drug-induced yawning is not due to pharmacokinetic factors.
The low frequency of yawning observed in female rats does not appear to be due to an increased sensitivity at dopamine D2 receptors (i.e. the receptors that mediate the descending limb of the quinpirole yawning dose-response curve), as pretreatment with the selective dopamine D2 receptor antagonist L-741,626 did not increase quinpirole-induced yawning. Food restriction significantly decreases agonist-induced yawning in male rats (Collins et al., 2008; Baladi et al., 2011) , and the fact that suppression of yawning is reversed by 1.0 mg/kg L-741,626 (Collins et al., 2008; Baladi et al., 2011) indicates that decreased agonist-induced yawning in foodrestricted rats is related to enhanced sensitivity at dopamine D2 receptors. In female rats, there was no enhancement of quinpirole-induced yawning by doses of L-741,626 that significantly and completely (3.2 mg/kg) attenuated the hypothermic effects of quinpirole. The present results might suggest that female rats are more sensitive than male rats to L-741,626. A dose of L-741,626 that selectively impacts the D2-mediated descending limb of the quinpirole yawning dose-response curve in male rats (1.0 mg/kg) shifted the ascending limb of the quinpirole dose-response curve to the right in female rats in the present study (Fig. 3 Female rats, high fat chow and dopamine Serafine et al. 293 modestly attenuated quinpirole-induced hypothermia in male rats .
In contrast to the striking effect of feeding conditions on drug effects in male rats, in the present study eating high fat chow did not impact the sensitivity of female rats to the locomotor-stimulating effects of cocaine. Age can also influence sensitivity to some behavioral effects of cocaine (Anker and Carroll, 2011b ). In the current study, rats were 275 days old on the day locomotor testing began with cocaine. Female rats eating standard chow in the current study were more sensitive to cocaine ( Fig. 5 ; upper panel) than younger female adult rats that ate standard chow in a previous study (Baladi et al., 2012b) , suggesting that older female rats might be more sensitive to the behavioral effects of cocaine. The impact of eating high fat chow on sensitivity to the behavioral effects of cocaine might also be age-dependent (Baladi et al., 2012b) . Taken together with those from previous studies, the present results suggest that, although adolescent female rats are more sensitive than adult female rats to the effects of eating high fat chow on sensitivity to cocaine-induced locomotion and sensitization (Baladi et al., 2012b) , with increasing age (i.e. post natal day 275 vs. 75) the sensitivity of female rats to cocaine might become less affected by feeding conditions.
Another potentially important factor in the current study is the duration for which rats ate high fat chow (Baladi et al., 2011 (Baladi et al., , 2012a . Sensitivity to cocaine-induced locomotion and sensitization has been observed after 4 weeks of eating high fat chow (Baladi et al., 2012b) . In the present experiment, testing with cocaine was preceded by 11 consecutive weeks of eating high fat chow. It is possible that enhancement of the effects of cocaine in rats eating high fat chow (Baladi et al., 2012b) occurs during the early but not the later stages of development and, therefore, that there is a critical window of vulnerability when feeding condition can most significantly impact the effects of cocaine.
That eating high fat chow did not impact sensitivity to the behavioral effects of cocaine in the present study might also be a function of the specific drug history of the animals before cocaine testing. Specifically, repeated testing with quinpirole might increase the sensitivity of rats to cocaine-induced locomotion, regardless of feeding condition, thereby limiting further increases in sensitivity that might occur as a consequence of eating high fat chow. There are reports that repeated administration of direct-acting dopamine receptor agonists does not enhance sensitivity to the behavioral effects of indirectacting dopamine receptor agonists (Mattingly et al., 2001; Cope et al., 2010) ; however, repeated administration of the indirect-acting agonist cocaine can increase the sensitivity to the behavioral effects of the direct-acting agonist quinpirole (Blaylock et al., 2011; Collins et al., 2011) . The conditions under which sensitization develops to the effects of drugs acting on dopamine systems are highly dependent upon the specific parameters used (Emmett-Oglesby, 1995) . Although a drug-naive control group was not included in the present experiment, cocaine-induced locomotion in female rats with a history of once weekly quinpirole testing appears to be greater than the effects reported for drug-naive female rats in a previous study (Baladi et al., 2012b) .
Previous studies have shown that eating high fat chow enhances the sensitivity of male rats to quinpiroleinduced yawning; the results of the current study suggest that this effect does not occur in female rats. Previous studies have also shown that eating high fat chow enhances the sensitivity of female rats to cocaineinduced locomotion and sensitization; the failure of the current study to replicate these findings suggests that other factors (e.g. age and/or drug history) influence the extent to which feeding conditions alter the sensitivity to cocaine. The impact of diet, age, sex, and drug history on sensitivity to drugs acting on dopamine systems could have important implications for both the therapeutic effectiveness of drugs and the vulnerability to abuse drugs. Given that female rats are more sensitive than male rats to cocaine (Craft and Stratmann, 1996; Lynch and Carroll, 1999; Chin et al., 2001) , future investigations should consider drug history and feeding condition, as well as other factors (e.g. age) that contribute to differences in drug sensitivity among female subjects.
